A new projector using dual modulation of light achieves 1.1 million to one contrast and crisp images of 8192×4320 pixels.
In the past few years, high-dynamic-range (HDR) imaging has been studied extensively to visualize scenes containing ten orders of magnitude or more in intensity between the extremes of dark and light in many real-world settings. Because we cannot show such images on current cathode-ray tubes (CRTs) or LCDs, which are characterized by a dynamic range of several thousand to one, 'tone mapping' is used to compress their dynamic range. While this is an excellent technique, current displays are still inadequate for HDR image display.
New direct-view HDR displays have recently been developed with a much higher dynamic range than current CRTs and LCDs. One of these consists of an LCD panel and LED backlights that are partially modulated. 1 We are pursuing development of an ultra-high-definition television 2 that has 16 times higher resolution than high-definition television (HDTV) and needs a much larger screen. We developed a projector for a large-screen display using dual modulation of light to simultaneously achieve high dynamic range and high resolution. 3 The basic projector design (see Figure 1) consists of a serial combination of two modulation blocks, one for chrominance and the second for luminance. While a conventional projector contains one block with three devices to modulate red, green, and blue (RGB) light, our projector also includes another block containing a luminance device to further modulate the combined RGB light. These modulation blocks have two main advantages. One is a dramatically improved dynamic range. The second is the ability to project high-quality color images by combining one high-resolution device for luminance modulation and three relatively low-resolution devices for chrominance modulation. The capability of the human eye to see fine detail depends largely on luminance-pattern differences. The projector needs only one high-resolution panel, thus also reducing cost significantly. A photograph of our projector 4 is shown in Figure 2 and its basic specifications are listed in Table 1 . We used a newly developed 1.75-inch liquid-crystal-on-silicon (LCOS) device with 8192×4320 pixels 5 for luminance modulation, and three 4096×2160-pixel devices for chrominance modulation. We confirmed subjectively that the image was not degraded by halving the chrominance resolution. The dynamic range of the projector from illuminances 10cm away from the projection lens is 1.1 million to one, which is extremely high. Next, we measured the tone reproduction for low-input video levels. In conventional digital projectors with 8-bit signal processing and γ =2.2 (where γ is the power-law exponent of the projector's inputvoltage/luminance relationship), tone reproduction for dark areas is sparse, even for high dynamic range. However, our projector can display smooth tone reproduction for dark areas because it attenuates the output level in two stages. We confirmed that the projector can display an equivalent 10-bit tone reproduction with a low input level. A sample photograph of an image from the projector (see Figure 3 HDTV resolution of 1920×1080 pixels, indicating that the projector has 16 times higher resolution than HDTV.
In conclusion, we have developed a projector with dual modulation of light to display high-quality images. It produces high-dynamic-range (1.1 million to one) and high-resolution (8192×4320 pixels) color images by combining one highresolution LCOS device for luminance modulation and three relatively low-resolution LCOS devices for chrominance modulation. In addition, the projector produces a fine 10-bit tone reproduction. These results support the dual-modulation scheme as an effective way of improving dynamic range and displaying high-resolution color images. The projector currently only displays still images, because signal processing is not executed in real time. We will next design new hardware to process signals in real time and display moving images.
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